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© Heat exchanger having piezoelectric fan means. 



© A fluid heat exchanger (10) for cooling an elec- 
tronic component (16) including a housing (12) hav- 
ing a fluid inlet (18) and fluid outlet (20). Piezoelec- 
tric means (32, 34) are connected to a plurality of 
flexible blades (30) for pumping fluid from the inlet 
(18) to the outlet (20). A heat conductive structure is 
connected to the housing base (12) for conducting 
heat to the fluid. The heat conductive structure may 
include the flexible blades (30) and/or fixed metal 
fins (40). 
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HEAT EXCHANGER HAVING PIEZOELECTRIC FAN MEANS 



Background of the invention 



Piezoelectric fans for blowing air over an elec- 
tronic circuit board have been used for cooling. 
The present invention is directed to providing a 
high efficiency finned heat exchanger in which at 
least some of the fins include piezoelectric drive 
means for pumping cooling fluid through the heat 
exchanger. Such a structure provides several ad- 
vantages. First, such a heat exchanger does not 
require a separate fan or pump for the cooling fluid. 
Secondly, the heat transfer from the electronic 
component to be cooled is greatly increased by the 
use of a heat exchanger having heat conducting 
means for conducting heat from the electronic 
component to the cooling fluid. Thirdly, the heat 
conducting means may include a plurality of flexi- 
ble blades which are vibrated by piezoelectric drive 
means and/or fixed metal fins positioned adjacent 
the flexible blades. 



Summary 



The present invention is directed to a fluid heat 
exchanger for cooling an electronic component and 
includes a housing having a base for receiving heat 
from an electronic component. The housing also 
includes a fluid inlet and a fluid outlet. A plurality of 
flexible blades are positioned in the housing and 
piezoelectric means are connected to the blades 
for vibrating the blades to flow fluid from the inlet 
to the outlet. Means are provided in the housing 
connected to the base for conducting heat from the 
base to the flowing fluid. 

Still a further object of the present invention is 
wherein the means for conducting heat from the 
base to the cooling fluid are flexible blades which 
include a heat conductive material. 

Still a further object of the present invention is 
wherein the means for conducting heat from the 
base to the fluid includes fixed metal fins posi- 
tioned adjacent the flexible blades and generally 
parallel to the blades. 

Other and further objects, features and advan- 
tages will be apparent from the following descrip- 
tion of a presently preferred embodiment of the 
invention, given for the purpose of disclosure, and 
taken in conjunction with the accompanying draw- 
ing. 



Brief Description of the Drawing 



Fig. 1 is a fragmentary elevationai view, in 
cross section, of the present invention, and 
5 Fig. 2 is a cross-sectional view taken along 

the line 2-2 of Fig. 1. 

Description of the Preferred Embodiment 

w 

Referring now to the drawing, and particularly 
to Fig. 2, the heat exchanger of the present inven- 
tion is generally indicated by the reference numeral 
10 and includes a housing 12 having a base 14 for 

is receiving heat from an electronic component such 
as an electronic chip 16. The housing 12 may 
include one or more fluid inlets 18 and 20 and a 
fluid outlet 22. Cooling fluid, such as air or liquid, is 
drawn through the inlets 18 and 20 and out the 

20 outlet 22 as indicated by the arrows. 

A plurality of flexible blades generally indicated 
by the reference numeral 30 are positioned in the 
housing 1 2 for acting as fan elements. A piezoelec- 
tric coating is connected to the sides of the blades 

25 making them piezoelectric bimorphs which are ca- 
pable of deflecting and bending when a voltage is 
applied. As an example, the blades 30 may be 
comprised of conventional ferroelectric or PVDF 
(polyvinylidene fluoride) layers 32 and 34 connect- 

30 ed to a brass base 31 . Thus, when varying voltage 
means are connected to the layers 32 and 34, the 
blades 30 vibrate thereby acting as fans to pump 
or flow fluid from the inlets 18 and 20 to the outlet 
22. However, any suitable piezo driven fan blades 

35 30 could be used such as any suitable two element 
or three element piezoelectric fan unit. Electrical 
leads 36 and 38 are positioned on opposite sides 
32 and 34, respectively, of the blades 30 for pro- 
viding the electrical supply for driving the piezo- 

40 electric blades 30 between the position shown in 
solid outline and the position shown in dotted out- 
line. Electrically insulating shims 42 are provided 
for insulating the electrical leads 36 and 38 from 
other electrical components in the heat exchanger 

45 10. 

In order to transmit the heat from the electrical 
component 16 to the cooling fluid, means are pro- 
vided for conducting heat from the base 14 to the 
inside of the housing 12 for contact with the cool- 
so ing fluid. Preferably, the flexible blades 30 include 
a heat conductive material 31 such as copper or 
aluminum whereby the blades 30 not only circulate 
the cooling fluid but act to remove the heat from 
the chip 16. The blades 30 may be driven at any 
suitable speed such as a frequency from 20 to 
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1000 hertz and it may be possible to increase fluid 
flow by operating at either the first or second 
resonant frequencies of the flexible blades 30. It 
may be advantageous to place piezoelectric ma- 
terial on only part of the flexible base 31 to allow 
the blades 30 to conduct as much heat as possi- 
ble.. 

As an alternative to the heat conducting flexible 
blades 30, and preferably as an additional structure 
for conducting heat from the base 1 4, a plurality of 
fixed heat conductive fins 40 are provided. The fins 
40 may be of any suitable conductive material such 
as copper and are preferably positioned generally 
parallel to the flexible blades 30 and on each side 
of each flexible blade 30. Thus the fixed fins 40 
conduct heat from the electronic chip 16 and are 
subjected to the moving cooling fluid flow caused 
by the action of the flexible blades 30 to increase 
the efficiency of cooling of the heat exchanger 10. 
Therefore, the present invention provides a heat 
exchanger with a plurality of fins and flexible 
blades used as an integral fan and cooling heat 
exchanger for cooling electronic chips. 

The present invention, therefore, is well adapt- 
ed to carry out the objects and attain the ends and 
advantages mentioned as well as others inherent 
therein. While a presently preferred embodiment of 
the invention has been given for the purpose of 
disclosure, numerous changes in the details of 
construction and arrangement of parts will be read- 
ily apparent to those skilled in the art and which 
are encompassed within the spirit of the invention 
and the scope of the appended claims. 

Claims 

1. A fluid heat exchanger for cooling an elec- 
tronic component comprising, 

a housing having a base for receiving heat from an 
electronic component. 

said base having a fluid inlet and a fluid outlet, 
a plurality of flexible blades positioned in the hous- 
ing, 

piezoelectric means connected to the blades for 
vibrating the blades to flow fluid from the inlet to 
the outlet, 

means in the housing connected to the base for 
conducting heat from the base to the flow of fluid, 
and 

said means for conducting heat from its base are 
the flexible blades which are of a heat conductive 
material. 

2. The apparatus of claim 1 wherein the piezo- 
electric means partially cover the blades. 

3. The apparatus of claim 1 wherein the means 
for conducting heat from the base includes fixed 
metal fins positioned adjacent the flexible blades. 



4. The apparatus of claim 3 wherein the fixed 
metal fins are generally parallel to the flexible 
blades. 

5. The apparatus of claim 4 wherein a fixed 
5 metal fin is positioned on each side of each flexible 

blade. 

6. A fluid heat exchanger for cooling an elec- 
tronic component comprising, 

a housing having a base for receiving heat from an 
10 electronic component, 

said housing having a fluid inlet and a fluid outlet, 
a plurality of flexible blades positioned in the hous- 
ing, 

piezoelectric means connected to the blades for 
75 vibrating the blades to flow fluid from the inlet to 
the outlet, 

means in the housing connected to the base for 
conducting heat from the base to the flow of fluid 
including fixed metal fins positioned adjacent the 
20 flexible blades, said fixed metal fins being posi- 
tioned generally parallel to the flexible blades, and 
wherein a fixed metal fin is positioned on each side 
of each flexible blade. 

7. A fluid heat exchanger for cooling an elec- 
25 tronic component comprising. 

a housing having a base for receiving heat from an 
electronic component, 

said housing having a fluid inlet and a fluid outlet, 
a plurality of flexible blades positioned in the hous- 
30 ing, 

piezoelectric means connected to the blades for 
vibrating the blades to flow fluid from the inlet to 
the outlet, 

means in the housing connected to the base for 
35 conducting heat from the base to the flow of fluid, 
and 

said means for conducting heat from its base are 
the flexible blades which include a heat conductive 
material. 
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